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Serial angioscopic and angiographic 
observations during the first hour after 
successful coronary angioplasty: A preamble 
to a multicenter trial addressing angioscopic 
markers for restenosis 
Percutaneous coronary angioscopy was used in 13 patients in a pilot study to assess the 
intracoronary changes that occur during the first hour after balloon angioplasty (PTCA). The 
dilated segment was studied with 4.5F angioscopes and with quantitative coronary angiography 
(WA) immediately after PTCA and at 15-minute intervals for up to 1 hour after PTCA. Significant 
progression of intimal dissection and thrombus formation could be demonstrated wlth 
angioscopy. These dissections and thrombi remained undetected with angiography, which only 
showed haziness. Thus through its superior sensitivity to intimal damage and thrombus, coronary 
angioscopy can reveal important intravascular events that apparently occur even after successful 
PTCA. The relation of such angioscopic observations to restenosis will be addressed in a 
subsequent multicenter study. (AM HEART J 1%%4;128:658-53.) 
Peter den Heijer, MD, PhD,a Rene B. van Dijk, MD, PhD,a Hans L. Hillege, MD,a 
Milou L. Pentinga, MD,” Patrick W. Serruys, MD, PhD,b and 
Kong I. Lie, MD, PhDa Groningen and Rotterdam, The Netherlands 
Percutaneous coronary angioscopy is a new imaging 
method that has reached a stage in its development 
at which it can be safely and easily added to angio- 
plasty procedures to provide visualization of the in- 
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travascular lumen. It is now possible to examine the 
entire dilated lesion with an extendable, movable 
fiber bundle and lens. Although percutaneous trans- 
luminal coronary angioplasty (PTCA) is widely es- 
tablished as an effective therapy in patients with 
coronary artery disease, l-3 it is well known that it 
causes severe disruptions and disturbances of the 
vascular wall.4-8 Vasospasm,g elastic recoil,lO throm- 
bus formation,l’, l2 and intimal tears and dissec- 
tionll, l3 are changes that have been described to oc- 
cur immediately after PTCA. 
The purpose of this study was to investigate 
whether these changes can be observed by means of 
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intracoronary angioscopy even after clinically and 
angiographically successful PTCA procedures and, if 
present, to observe by serial imaging whether these 
changes show progression during the first hour after 
PTCA. This study served as a pilot study for a larger 
multicenter study that will address the prognostic 
significance of angioscopic observations like throm- 
bus and dissection for restenosis. Angioscopy is 
especially suitable for detecting thrombus14-16 and 
intimal tears and flaps.12, l5 Quantitative coronary 
angiography (QCA) has been used to assess the phe- 
nomenon of elastic recoil after PTCA.l*v l7 Thus 
quantitative angiography and angioscopy were com- 
bined to acquire optimal information on the intxa- 
vascular changes that occur shortly after PTCA. 
METHODS 
Patients. Thirteen patients who were candidates for 
elective PTCA were enrolled in this study within 4 months. 
The lesions that were elected for balloon dilatation had to 
be located in the midsection of one of the large epicardial 
coronary arteries without excessive tortuosity to be con- 
sidered suitable for coronary angioscopy. Only patients 
who underwent an angiographically successful PTCA 
(220 % enlargement of luminal diameter and 550 % 
residual stenosis) without angiographic evidence of dissec- 
tion and without the need for stent placement or prolonged 
inflation with an autoperfusion balloon were included. At 
the time of inclusion, all patients were free of symptoms. 
All patients had given informed consent before the PTCA 
procedure. 
Angioscopy system. The ImageCath (Baxter, Edwards 
LIS Division, Irvine, Calif.) angioscopy system comprises a 
disposable angioscopy catheter, an irrigation system, a 
light source, and a tuned video system. The angioscopy 
catheter is a three-lumen catheter with an outer diameter 
of 4.5F (1.5 mm) that can be introduced into the coronary 
arteries through a standard 8F PTCA guiding catheter and 
over a regular 0.014-inch PTCA guide wire. It features a 
movable optical fiber bundle that can be moved indepen- 
dently from the catheter over a 5 cm distance and over the 
same guide wire. During imaging, warmed physiologic sa- 
line solution (37’ C) is infused through a distal irrigation 
port at a rate of 30 to 45 ml/min by means of a power in- 
jector. To obtain an optimal clear image during flushing, a 
Kraton (Shell Chemical Corp.) distensible, low-pressure 
occlusion cuff is mounted on the catheter shaft proximal to 
the irrigation port. The 300 W xenon light source generates 
a light temperature of 6300 K. At this light temperature the 
evenness of the spectral distribution is sufficient for opti- 
mal true color imaging. The half-inch charged couple de- 
vice (CCD) camera provides a high resolution and has an 
automatic white balance. 
Quantitative coronary angiography. Quantitative an- 
giographic measurements were performed with the Image- 
Comm (Santa Clara, Calif.) system. The contrast-filled 
shaft of the guiding catheter, 2 to 3 cm proximal to its tip, 
was used for calibration. Minimal luminal diameter (MLD), 
reference diameter (RD), and percentage diameter steno- 
sis (%DS) were calculated with the use of well-validated 
automated contour detection algorithms.ls 
Procedure. Coronary angioplasty was performed for 
single discrete lesions in single vessels. Before the proce- 
dure, the patients were given 10,000 to 15,000 U of heparin 
and at 1 hour 5000 U of heparin. The guide wire was left 
in place, and the balloon catheter was exchanged for the 
angioscopy catheter. Angioscopy was performed immedi- 
ately after PTCA and at 15, 30, 45, and 60 minutes after 
angioplasty (Fig. 1). All angioscopic runs were recorded on 
videotape. At each sequence a single recording was ob- 
tained while the angioscope was advanced through the sec- 
tion of interest; another recording was obtained while the 
scope was withdrawn each sequence took <5 minutes. On 
average, 300 ml of irrigation fluid was delivered to the pa- 
tient per hour. Cineangiograms taken after intracoronary 
administration of 0.2 mg nitroglycerin and at standardized 
projection angles for quantitative analysis preceded each 
angioscopy session. The guiding catheter and the guide 
wire were left in situ throughout the procedure, with 
repeated flushing of the guiding catheter and continuous 
pressure monitoring at its tip. The protocol allowed repeat 
balloon angioplasty to be performed if a visually assessed 
stenosis ~50% was noticed after the last angioscopy at 1 
hour after PTCA. 
Angioscopy scoring method. Classification systems of 
angioscopic images that have been used in earlier stud- 
iesl”, 14, 16, I’, ‘” offered insufficient categories and grades to 
classify the data that can be obtained wit,h t,he new device. 
Furthermore, specific parameters were needed to describe 
the balloon angioplasty effects on the vessel. We therefore 
used a classification system with the following items: esti- 
mated lumen diameter, dissection tintimal tears and dis- 
section), thrombus, and color of thrombus. All it.ems were 
scored for 2 to 6 grades or categories (Table I). All video- 
tapes were reviewed by two physicians who were unaware 
of the angiographic findings. Luminal narrowing was esti- 
mated by angioscopy by visual reference to the 0.014-inch 
PTCA guide wire that passed through the stenobic lesions. 
Luminal diameter was classified as grade :! (narrowing) if, 
by estimation, the remaining lumen was comparable to the 
total circumference of three of these guide wires. A larger 
remaining lumen was classified as grade 1 (no or minimal 
narrowing). The narrowing was defined as grade 3 (total 
occlusion) if no or a minimal lumen remained visible 
around the guide wire. The angioscopic definit.ion for a 
thrombus was intraluminal, superficial or protruding mass, 
adherent to the vessel surface, but clearly a separate struc- 
ture. Additionally, if the diagnosis oi white thrombus 
would be made, the appearance of the mass should be 
shaggy, irregular, and cotton-wool--like. Angioscopic dis- 
section was defined as visible cracks or tissures on the lu- 
minal surface and/or mobile or nonmobile protruding 
structures contiguous with the vessel wall and of’ homoge- 
neous appearance with the vessel wall. 
A modified version of this angioscopy classification sys- 
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Fig. 1. Serial angioscopic images at 0, 15, 30, 45, and 60 minutes after PTCA in single patient. Distinct 
progression in appearance and size of white intima flaps can be seen in this example. 
Table I. Classification system and frequency distributions of angioscopic observations during first hour after PTCA. 
Data are presented as numbers of patients and percentages 
Post-PTCA 15 min. 30 min. 45 min. 60 min. 
Angioscopic lumen diameter 
1: No or minimal narrowing 
2: Narrowing 
3: Total occlusion 
Surface disruptions (dissection) 
1: None 
2: Small flaps 
3: Large surface disruptions 
Thrombus 
1: None 
2: One-lining thrombus 
3: Multiple-lining thrombus 
4: Luminal thrombus <‘/3 of lumen 
5: Luminal thrombus ‘/3-S of lumen 
6: Luminal thrombus 2/3-S of lumen 
Color of thrombus 
0: Not applicable 
1: Homogeneous 
2: Mixed, multiple colors 
Predominant thrombus color 
0: Not applicable 
1: White 
2: Red 
5 (38.5%) 2 (15.4%) 2 (15.4%) 2 (15.4%) 
8 (61.5%) 11 (84.6%) 8 (61.5%) 6 (46.2 % ) 
O(O%) 0 (0%) 3 (23.1%) 5 (38.5%) 
4 (30.8%) 1 (7.7%) 1(7.7%) 1(7.7%) 
8 (61.5%) 9 (69.2%) 6 (46.2%) 4 (30.8%) 
1(7.7%) 3 (23.1%) 6 (46.2%) 8 (61.5%) 
8 (61.5%) 6 (46.2%) 4 (30.8%) 2 (15.4%) 
3 (23.1%) 4 (30.8%) 2 (15.4%) 2 (15.4%) 
0 (0%) 2 (15.4%) 2 (15.4%) 2 (15.4%) 
1(7.7%) 1(7.7%) 3 (23.1%) 5 (38.5%) 
1(7.7%) 0 (0%) 2 (15.4%) 1(7.7%) 
O(O%) 0 (0%) O(O%) 1(7.7%) 
8 (61.5%) 6 (46.2%) 4 (30.8%) 2 (15.4%) 
5 (38.5 % ) 5 (38.5%) 5 (38.5%) 4 (30.8%) 
0 (0%) 2 (15.4%) 4 (30.8%) 7 (53.8%) 
8 (61.5%) 6 (46.2%) 4 (30.8%) 2 (15.4%) 
1 (7.7%) 0 (0%) 5 (38.5 % ) 6 (46.2 % ) 
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Post-PTCA 15 min. 30 min. 45 min. 50 min. 
Fig. 2. Mean angioscopic gradings of lesion diameter (description of grading appears in Table I). Num- 
bers are presented as mean + SEM. The p values represent comparisons to baseline value immediately af- 
ter PTCA (Wilcoxon’s matched-pairs signed rank test). 
tern has been adopted by the European Working Group on 
Coronary Angioscopy. 20a Intraobserver and interobserver 
agreements of angioscopic recordings evaluated by this 
working group were considered acceptable. Intraobserver 
and interobserver agreement of the angioscopic presence of 
red thrombus were 91% and 81%. For dissection, these 
figures were 87 % for intraobserver and 73 % for interob- 
server agreement. 
Statistical analysis. Both continuous and ordinal data 
are summarized as mean -t SEM for simplicity of inter- 
pretation. The changes in the study group concerning the 
angioacopic lumen diameter, dissection, and presence of 
thrombus from baseline (first observations after PTCA) to 
60 minutes after PTCA were compared at baseline with the 
Wilcoxon rank sum test. The changes in thrombus color 
and the predominant thrombus color at baseline were an- 
alyzed with the McNemar change test. Quantitative anal- 
ysis parameters were compared with Student’s paired t 
test. No explicit adjustment was made for repeated mea- 
surements, which must be taken into account when inter- 
preting the p values. The individual p values are reported. 
The strength of pairwise association between the angio- 
scopic diameter grading and QCA-derived % DS and MLD 
was assessed with the Spearman’s rank order correlation 
coefficient. All analyses were performed with SPSS PC+ 
(SPSS Inc., Chicago, Ill.) version 5.0 software. All tests are 
two-sided. A two-tailed p value of <0.05 was considered to 
indicate statistical significance. 
RESULTS 
The frequency distributions of the angioscopic ob- 
servations during the first hour after PTCA are pre- 
sented in Table I. The number of patients with an 
angioscopically visible narrowing at the dilatation 
site increase at each Xi-minute interval. At 1 hour, 
angioscopic occlusion-defined as no or minimal lu- 
men visible around the guide wire-was scored in 6 
of 13 patients. The frequency distributions of dissec- 
tion and thrombus also reveal a shift toward more 
pathologic findings after each interval. The colors of 
the observed thrombi show a tendency from homo- 
geneous colors toward mixed and multiple colors, 
with white becoming predominant over red. Figs. 2 
through 4 show the mean values of the angioscopic 
grading of lumen diameter, dissection, and thrombus 
during the first hour after PTCA. The values at 15, 
30,45, and 60 minutes are compared to the baseline 
values immediately after PTCA to demonstrate 
any progression in these angioscopically observed 
changes. Most lesions had some degree of disruption 
of the vascular inner surface after PTCA, interpreted 
as grades of intima dissection. Furthermore, there 
was a significant progression in grading of intima 
disruption: at baseline immediately after PTCA the 
mean value was 1.77 +- 0.17, with a median value of 
2.0 (small flaps); at 60 minutes a mean of 2.62 + 0.14 
was scored, with a median of 3.0 (large surface 
disruptions). 
The same trend was observed for the occurrence of 
intracoronary thrombus after PTCA. The colors of 
the observed thrombi showed a significant shift from 
homogeneous at baseline toward mixed at 60 minutes 
(two-tailedp 0.0078) and from red at baseline toward 
white at 60 minutes (two-tailed p 0.0078). White 
thrombus was present in 69.2 L; at 60 minutes versus 
7.7 % immediately after PTCA. Thus the increase in 
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Post-PTCA 15 min. 30 min. 45 min. 60 min. 
Fig. 3. Mean angioscopic gradings of surface disruptions (dissection) (description of grading appears in 
Table I). Numbers are presented as mean 2 SEM. p Values represent comparisons to baseline value im- 
mediately after PTCA (Wilcoxon’s matched-pairs signed rank test). 
m  A I 
P10.0033 
P=O.o051 - 
’ Post-PTCA ’ ’ ’ ’ 15 min. 30 min. 45 min. 60 min. 
Fig. 4. Mean angioscopic gradings of thrombus (description of grading appears in Table I). Numbers are 
presented as mean + SEM. p Values represent comparisons to baseline value immediately after PTCA 
(Wilcoxon’s matched-pairs signed rank test). 
the total amount of thrombus as seen in Fig. 4 can be 
largely attributed to an increasing incidence of white 
intracoronary thrombus. Angiography revealed only 
the haziness of the lesions. In none of these 13 
patients were angiographic criteria for either intima 
dissection or intracoronary thrombus positive on any 
of the cineangiograms. Although the diameter grad- 
ing shows a significant change during this first hour, 
it must be stressed that this finding is based on an 
essentially nonquantitative and subjective approach. 
In contrast, QCA yields objective numeric values of 
MLD and % DS. These values are presented in Table 
II. There appeared to be a significant increase in 
% DS and loss of MLD at 60 minutes. This cannot be 
attributed to the repeated intracoronary nitrate 
injections because the RD does not change. The 
Spearman correlation coefficients for angioscopic di- 
ameter grading versus %DS and MLD are given in 
Table III. Significant correlations were not demon- 
strated in this study because the sample size was 
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Table II. Quantitative analysis of percentage diameter stenosis, minimal luminal diameter, and reference diameter 
__-~ .--_- -- 
Immediately 
after 
PTCA 1.5 min p Value 30 min p Value 45 min p Value 60 win p Vahe 
%DS 31.35 f  18.51 36.39 -r- 15.63 0.233 37.90 It 10.13 0.192 39.25 + 13.86 0.097 42.56 * 16.46 0.025 
MLD (mm) 1.79 f  0.49 1.69 + 0.50 0.285 1.63 -+ 0.44 0.124 1.58 t 0.48 0.076 1.48 .: 0.53 0.011 
RD (mm) 2.61 f  0.34 2.63 + 0.30 0.641 2.59 rfr 0.37 0.750 2.56 rt 0.36 0.101 2.53 -I o.:v 0.191 
Values at 15, 30, 45, and 60 minutes are compared to those obtained immediately after PTCA. Values are mean i SD. 
Table Ill. Spearman correlation coefficients for angioscopic diameter grading vs percentage diameter st,enosis and vs 
minimal luminal diameter 
_- ----. I__- 
Immediately 15 min 30 min 45 min 60 min 
--. _-.. - 
Angioscopic lumen diameter us percentage diameter stenosis 
Spearman correlation coefficient 0.34 0.46 0.12 0.04 0.42 
Significance p 0.259 p 0.117 p 0.696 p 0.899 p 0.152 
Angioscopic lumen diameter us minimal luminal diameter 
Spearman correlation coefficient 0.17 0.40 0.38 O.l.‘i 0.53 
Significance p 0.581 p 0.177 p 0.902 p 0.626 p 0.06:i 
n = 13. Three patients underwent repeat PTCA at 1 
hour. 
DISCUSSION 
This study established that coronary angioscopy 
can reveal important intravascular events after bal- 
loon dilatation that remain undetected with coronary 
contrast angiography. Patients with angiographic 
evidence of dissection after PTCA were not included 
in the study. The angiograms at 15, 30, 45, and 60 
minutes of the study group were also free from signs 
of dissection, although they generally showed some 
haziness. Only a decrease of MLD and an increase in 
percentage of stenosis (% DS) could be demonstrated 
after 1 hour with QCA. No after PTCA angiograms 
met the angiographic criteria for intravascular throm- 
bus. On the other hand, with coronary angioscopy, 
quite dramatic signs of vascular wall damage, large 
intima disruptions, and thrombi could be demon- 
strated and put into a grading scale. The finding of 
this post-PTCA damage, which is in accordance with 
previous histologic,4p B, ’ ultrasound,21-23 and angio- 
scopicl”, 24, 25 studies, underscores the relatively low 
sensitivity of contrast angiography for intravascular 
abnormalities. 
Some of these intracoronary changes after success- 
ful balloon dilatation proved to show progression in 
time from immediately post-procedure to 60 minutes 
after the PTCA. Dissections were scored more and 
with higher grades at each subsequent E-minute in- 
terval: grade 3 (large) surface disruptions were 
present, with frequency increasing from 7.7 ‘I, after 
PTCA to 61.5% at 1 hour. It does not seem likely that 
the actual process of intimal tearing and dissection 
would continue after angioplasty. However, it is con- 
ceivable that intima flaps partially detached by the 
balloon dilatation but lying flush against the inner 
vessel surface, may gradually move toward the lumen 
and thus give the angioscopic impression of increas- 
ing occurrence and size of these flaps. These dissec- 
tions may explain the substantial decrease of MLD 
from 1.8 + 0.5 mm after PTCA to 1.5 ~fr 0.5 mm at 1 
hour. This unexpected luminal diameter loss at 1 
hour is of comparable order as found at 6 months af- 
ter PTCA in various restenosis studies,26-gR and is 
consistent with the data of Kimura et a1.2g but in ap- 
parent contrast to studies by Foley et, a1.30 and Hanet 
et a1.,31 who found, in much larger study populations, 
no loss in MLD at 24 hours after PTCA. Because to 
our knowledge no previous studies have reported an- 
giographic and angioscopic appearances at 1 hour af- 
ter PTCA, the possibility that a transient decrease in 
luminal diameter during the first hour after PTCA 
with subsequent recovery could be a real phenome- 
non must be considered. However, a more plausible 
explanation may be that, as discussed earlier, re- 
peated passages of the angioscopy catheter may have 
aggravated dissections that had already been present 
after balloon dilatation. Although angioscopy is a 
fairly atraumatic over-the-wire procedure, with di- 
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rect visual control of the coaxial alignment of the 
lens-tip assembly, it must be recognized that the re- 
peated passage of the angioscopy catheter through 
the dilated lesion may have produced this progres- 
sion of the dissections. Thus it can be assumed that 
this loss in MLD has been caused by the observed 
progressive intima disruptions and that it is an arti- 
ficially induced deterioration of the PTCA result. It 
must be stressed that these intima disruptions were 
only observed by angioscopy, with the angiograms 
revealing only haziness. Angioscopy did not cause 
any dissection according to angiographic criteria. 
Based on the findings, but also on the limitations, of 
this pilot study, a multicenter study is now being 
prepared in The Netherlands to address the relation 
of angioscopic observations after PTCA with rest- 
enosis. A major difference will be that angioscopy will 
be performed only once immediately after PTCA and 
once at 24 hours after PTCA. 
At the present time a major drawback of angios- 
copy is the absence of quantitative measurement 
tools. We used a grading scale for angioscopic diam- 
eter estimation that proved not to correlate to the 
QCA measurements of PDS and MLD (Table II). It 
seems that angioscopy underestimated the remaining 
lumen because angioscopic total occlusion was scored 
in 6 of 13 patients at 1 hour after PTCA, although no 
angiographic total occlusion occurred. Angioscopic 
occlusion was defined as no or minimal lumen re- 
maining visible around the guide wire. In these six 
cases, large thrombi or dissections obstructed visual- 
ization of the lumen, which apparently is not compa- 
rable to a functional or angiographic vessel occlusion. 
These data confirm that, although angioscopy gives 
a superior insight in intravascular structures and 
changes, diameter measurements are currently best 
left to quantitative angiographic methods. Thus our 
conclusions concerning the decrease in luminal di- 
ameter are drawn from the QCA measurements 
rather than the angioscopic data on luminal narrow- 
ing. 
Progressive intracoronary thrombus formation was 
also observed at angioscopy. Thrombus formation 
may have been caused by the unusual situation of a 
guide wire in the artery for such a period after balloon 
angioplasty. On the other hand, thrombi were only 
observed developing on the vessel wall and not on the 
guide wire itself. Progressive intima disruptions may 
have contributed to platelet aggregation on the dam- 
aged endothelium. Until now, thrombus formation 
after PTCA has not been adequately investigated in 
patients because the only reliable diagnostic tool for 
this is coronary angioscopy: angiography gives a gross 
underestimation of the presence of thrombus.32 Thus 
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it cannot be excluded that progressive thrombus for- 
mation after PTCA is a real phenomenon, taking 
place even in heparin-treated patients such as in this 
study. 
Mizuno et a1.33 reported the angioscopic observa- 
tion of the growth of copper coil-induced thrombi in 
dogs. These thrombi started to develop as white, fi- 
brinlike material followed by the appearance of 
mixed red and white material. Our post-PTCA ob- 
servations show the same pattern: we observed small 
red mural thrombi immediately after the balloon an- 
gioplasty that may have been present before PTCA. 
The progression in the total amount of observed 
thrombi could largely be attributed to the emergence 
of white and mixed red and white thrombi during the 
first hour after PTCA. The diagnosis of thrombus is 
without question if mixed red and white intraluminal 
masses are observed. Purely white thrombi, on the 
other hand, may be difficult to discriminate from 
white intimal flaps, resulting in a potential lack of 
specificity in identifying these purely white thrombi. 
Nevertheless, it can be speculated that such a throm- 
botic process, on a scale too small for angiographic 
detection, can continue for hours or days after PTCA. 
The impact of our findings of angiographically un- 
suspected intima damage and thrombus formation 
on acute PTCA complications and late results is 
presently unknown but in our opinion well worth in- 
vestigating. We conclude that through its superior 
sensitivity to detect intima damage and intracoro- 
nary thrombus, intracoronary angioscopy can serve 
as an important diagnostic tool in larger multicenter 
studies addressing factors influencing primary PTCA 
outcome and restenosis after initially successful cor- 
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